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Abstract
Reference curves for stature and weight in
British children have been available for the
past 30 years, and have recently been
updated. However weight by itselfis a poor
indicator of fatness or obesity, and there
has never been a corresponding set of ref-
erence curves to assess weight for height.
Body mass index (BMI) or weight/height2
has been popular for assessing obesity in
adults for many years, but its use in
children has developed only recently. Here
centile curves for BMI in British children
are presented, from birth to 23 years, based
on the same large representative sample as
used to update the stature and weight refer-
ences. The charts were derived using
Cole's LMS method, which adjusts the
BMI distribution for skewness and allows
BMI in individual subjects to be expressed
as an exact centile or SD score. Use of the
charts in clinical practice is aided by the
provision of nine centiles, where the two
extremes identify the fattest and thinnest
four per 1000 ofthe population.
(Arch Dis Child 1995; 73: 25-29)
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New reference growth curves for the UK have
recently been published,' allowing the attained
heights and weights of British children to be
assessed relative to centiles based on recently
collected and nationally representative data.
They replace the Tanner-Whitehouse refer-
ence curves, which are now 30 years old.
A longstanding deficiency of reference

curves for the UK (and indeed other Western
nations) has been their inability to assess child
fatness. Weight and height are highly corre-
lated during childhood, so that a child's weight
centile tends to be strongly influenced by his or

her height centile. Both are a reflection primar-
ily of the child's size (large versus small) rather
than their shape (fat versus thin).
Weight adjusted for height provides a simple

measure of fatness, and many weight for height
indices have been proposed for the purpose.2
The American National Center for Health
Statistics (NCHS) growth reference included
child weight for height charts, but they covered
the restricted age range from birth to 10 years
in girls and 11-5 years in boys, and omitted
adolescence entirely.3 A problem with weight
for height charts is that they fail to adjust for
age in early life, so that short toddlers are com-

pared with tall infants, periods of life when the
body fat content differs substantially.4 5

Another weight for height index suitable for
the age group 4-12 years has been proposed by
Chinn et al,6 based on its correlation with skin-
fold thickness. Defined as (weight (kg) - 9)/
height (cm)3-7, it has the dual properties that its
mean and coefficient of variation are both
unrelated to age. This means that it does not
need adjusting for age.
A very flexible index of overweight is pro-

vided by the power function weight/heightn,
where n the power of height usually takes
values in the range 1 to 3. Restricting it to
whole numbers, the value for n which best
adjusts weight for height, and at the same time
removes most of the trend of increasing weight
with age, is n=2.7 8 This leads to the body
mass index (BMI) weight/height2, also known
as the Quetelet index9 or the Kaup index.'0
BMI has been used widely in adults for the

last 25 years as a simple summary measure of
overweight," 12 but its use in childhood has
developed relatively recently. Adult BMI
increases fairly slowly with age, so that age
independent cut offs can be used to grade
obesity.'3 In children, however, BMI changes
substantially with age, rising steeply in infancy,
falling during the preschool years, and then
rising again into adulthood. For this reason,
child BMI needs to be assessed using age
related reference curves.

Such curves have been published for
French8 14 and American'5 16 children, but
they are all imperfect, either because the data
are old or the age range is restricted. This
paper provides up-to-date reference curves for
BMI in UK children, covering the age range
birth to 23 years, and presented as nine cen-
tiles. They are among the first such curves to
complement existing national references for
weight and height based on the same dataset.

Methods
SUBJECTS
The reference sample of children was obtained
by combining data from 11 distinct surveys.
Table 1 summarises the separate studies, and
more details are given in the publication
describing the stature and weight references.'
The HUMAG surveys were carried out by the
Human Measurements Anthropometry and
Growth Research Group at Loughborough
University. All except the Tayside, Cambridge,
and Whittington Hospital samples were repre-
sentative of England, Scotland and (mostly)
Wales, while for all except the Cambridge
study, the data were cross sectional. The
Cambridge sample included longitudinal data
collected at 15 ages between 4 weeks and 2
years.
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Table 1 Details of the studies providing data

Study Date Ages (years) Region* Sample size

HUMAG
Infants 1987 0-<2 E, W 789
Toddlers 1987 2-<5 E,W 1014
Boys 1978 5-<17 E, S 3498
Girls 1986 5-<16 E, S, W 4280
Men 1984 16-<23 E, S, W 1748
Women 1987 16-<23 E, S, W 1057

NSHG 1989-90 4-5-<12 E, S 10495
Department of Health 1980 16-<23 E, S, W 1413
Tayside Growth Study 1989-90 4-5-<14 S 1622
Whittington Hospital 1987-8 33-42 weeks' gestation E 756
Cambridge Infant Growth
Study 1984-90 4 weeks -2 years E 3863

*E=England, S=Scotland, W=Wales.

DATA
All the surveys collected data on sex, age,
height, and weight. Weight was measured
either in underclothes or adjusted for clothing
weight, while height was measured with the
head held in the Frankfort plane. In those
under 2 years, length rather than height was
obtained. Exact decimal age was calculated
from the dates of birth and measurement.

STATISTICAL METHODS
The data were collected between 1978 and
1990, a long enough period of time for there to
be a possible secular trend present. There were
also methodological differences in the study
protocols. To minimise these effects, the
weights and heights for each study were
adjusted up or down by a constant percentage
(taking age and geographic area into account),
to make the studies as similar as possible, using
the National Study of Health and Growth
(NSHG) as the baseline (NSHG was chosen
because of its size and recent date). BMI was
then calculated from adjusted weight and
height, with units kg/m2. The analyses were
done for the sexes separately.
Summary centile curves were fitted to the

data using the LMS method and penalised
likelihood.'7 In brief, the LMS method

Table 2 Numbers of child measurements, by age and sex

Age group (years) Male Female

<35 weeks 3 2
35-39 weeks 154 139
0+ 712 662
0-25+ 482 421
0 50+ 461 419
0 75+ 462 407
1 + 305 276
1-5+ 208 193
2+ 202 204
3+ 176 164
4+ 349 337
5+ 1143 1264
6+ 1159 1130
7+ 1240 1200
8+ 1208 1183
9+ 1261 1201
10+ 1223 1113
11+ 925 831
12+ 354 387
13+ 337 414
14+ 430 541
15+ 291 410
16+ 499 389
17+ 407 308
18+ 416 267
19+ 404 282
20+ 382 253
21+ 233 253
22+ 210 249

Total 15 636 14 899

summarises the distribution of BMI at each
age by its median (M) and coefficient of varia-
tion (S), plus a measure of skewness based on
the Box-Cox power (L) required to transform
the data to normality. These three quantities
depend on age, and are represented by smooth
curves plotted against age. In particular the M
curve is the 50th centile curve for BMI.

Curves for other centiles are obtained using
the formula:

ClOOa(t) =M(t) [1 +L(t) S(t) z,]lL(t) (1)

where Za is the normal equivalent deviate for
tail area a, C100, is the BMI centile corres-
ponding to Zn (for example for the 25th centile,
a=0-25 and za=-0 67), t is age in years, and
L(t), M(t), S(t), and C100n(t) indicate the
corresponding values of each curve at age t.
A bonus of the LMS method is that knowing

the L, M and S curves, it is straightforward to
produce curves for any required BMI centile,
simply by choosing Za appropriately in (1).
Also, by rearranging equation (1), it is possible
to convert a child's BMI to an exact SD score
as follows:

[BMI/M(t)]L(t)- 1
SD score=- _________L____tL(t) S(t) (2)

where L(t), M(t), and S(t) are the values of L,
M, and S suitable for the child's age and sex.
The SD score can if required be converted to a
centile, using normal distribution tables (the
SD score and centile are in the same relation-
ship as Zn and lOOn in equation (1)).

Results
The dataset consists of BMI for 15 636 boys
and 14 899 girls, for ages between 33 weeks of
gestation and 23 years. The age-sex distribu-
tion of the measurements is given in table 2.
Figures 1 and 2 give BMI reference centile
curves for boys and girls in the nine centile for-
mat of Cole.18 This is the format used for the
published height and weight reference curves,1
except that their upper age limit is 20 years.
The central seven centiles are similar to the
conventional 3rd, 10th, 25th, 50th, 75th, 90th
and 97th, while the extra centiles in each tail
define the largest and smallest 0 4% of the
population. Note that the centiles are very
skew, with the top centile channel in the two
figures over four times as wide as the bottom
centile channel at all ages.
The changes in median BMI by age are on

the whole very similar in the two sexes. BMI
increases steeply in early life, from 10-6 kg/iM2
at 35 weeks of gestation, to 14-0 at 42 weeks,
and a peak of 17-6 at 8 months. Subsequently
it declines, and then flattens out at 5-5 years
when BMI is 15-5 kg/iM2. This dip in the BMI
is called the adiposity rebound.19 The age at
adiposity rebound is later on the lower than the
higher centiles (figs 1 and 2), by over three
years in boys and two years in girls. In infancy
all the centiles peak at the same age. After the
rebound BMI increases more rapidly in girls
than in boys, but at 18, when median BMI is
21-0, the curves cross and subsequently boys'
BMI is higher.
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Figure 1 Nine centiles for BMI in British boys 1990. The
centiles are spaced two thirds ofan SD score apart.

Figures 3 and 4 show respectively the S
curves and L curves of BMI by sex. The S
curve (fig 3) defines the coefficient of variation
ofBMI, shown here multiplied by 100 to make
it a percentage. The variability is about 10% in
infancy, falling to below 8% and then rising to
a peak of 12-13% in adolescence. The rise
occurs two years earlier in girls, reflecting the
timing of the adolescent growth spurt in the
two sexes. Subsequently the variability falls
slightly.
The L curves (fig 4) measure the skewness

of the BMI distribution, a value of 1 indicating
normality and smaller values representing pro-
gressively greater skewness. At birth BMI is
already somewhat skew, but during the first
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Figure 2 Nine centiles for BMI in British girls 1990. The
centiles are spaced two thirds ofan SD score apart.
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Figure 3 Coefficient of variation (S curve) ofBMI in
British boys and girls.

year when BMI rises steeply, the degree of
skewness also increases sharply. Subsequently
it changes little. This degree of skewness is far
greater than for weight, and is reflected in the
spacing of the BMI centiles (figs 1 and 2).

Discussion
For the first time, centiles of BMI as well as
weight and height are available for British
children, covering the whole of childhood from
birth to 23 years, and based on recently collated
and nationally representative data. The centiles
are similar in general shape to those published
for French and American children, but the cen-
tiles are slightly higher than the French centiles
(though not those from the USA). This may
reflect the more recent provenance of the UK
information, the French charts being based pri-
marily on data from the French longitudinal
growth study,20 children born between 1953
and 1960. The data thus correspond to a mea-
surement period of the 1 970s, since which time
the prevalence of both child and adult obesity
has increased greatly.21 22

Because they have not long been available,
child BMI charts are relatively untried in
clinical practice. They can be used to identify
children who are unusually fat or thin on the
basis of a single measurement, and the extra
centiles at the top and bottom of the chart are
useful for this. Just eight children per 1000
lie outside the nine centile range, four above
and four below, and thus they represent an
extreme group. The published charts for
height and weight recommend that children
whose measurements fall in this region should
be referred immediately, and the same prob-
ably should apply to BMI as well. However
more experience of the charts is needed.
The way the charts are constructed allows

individual BMI measurements to be converted
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Figure 4 Degree ofskewness (L curve) ofBMI in British
boys and girls.
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to an exact SD score. As an example take an
obese girl aged 11 years, with a BMI of 29
kg/M2. At age 1 1 the values of L and S are
-1-3 and 13% respectively (figs 3 and 4),
while M the median BMI is 17-5 (fig 2).
Putting these values into equation (2) gives:

[29/17.5]-13-1
SD score=

- 1-3x 13/100
= 285

which is on the 99-8th centile and hence appre-
ciably above the top line on the chart. BMIs as
extreme as this are not very useful expressed as
centiles, being so close to 100%.

In fact this equation can be simplified. After
the age of 18 months, the value ofL in fig 4 is
fairly close to -1 in both sexes, indicating that
something like a reciprocal transformation is
needed to make BMI normally distributed.
The reciprocal of BMI is height2/weight, so
this is a better simple index to work with if
normality is important. To calculate its SD
score, equation (2) can be simplified by setting
L to -1, giving:

SD score= 1- [M(t)/BMI] (3)
S(t)

Applying this to the example of the obese girl
gives:

SD score=1 -[17-5/29]
13/100

= 3-05

which is similar to the exact SD score based on
equation (2). So equation (3) can be used to
obtain an approximate SD score for BMI in
children over 18 months old.

During infancy median BMI increases
dramatically, from around 10 kg/M2 at 35
weeks' gestation to a peak of 17 or more at
8 months. It is important for obstetricians
wanting to use BMI with neonates to adjust it
for age, since it increases by over 30% between
35 and 42 weeks of gestation.
There is little evidence that infant BMI is

predictive ofBMI later,23 and slight differences
in the timing of its rise and subsequent fall can
lead to marked centile crossing. For this reason
BMI is likely to be particularly difficult to
interpret in infancy, and infants on extreme
centiles should be viewed conservatively. Only
if the pattern persists well into the second year
should it be considered clinically important.
More useful for predicting later obesity are

serial measurements of BMI between the ages
of 3 and 8 years. Rolland-Cachera and col-
leagues have shown that most children follow
the pattern of the BMI chart, with a fall then a
rise in BMI during this period.19 24 The timing
ofthe low point, the age of adiposity rebound, is
diagnostic of later famess - the earlier the
adiposity rebound the greater the risk of adult
obesity. Although the current BMI centiles are
based on cross sectional rather than longitudinal
data, it is striking that the lower centiles have
their rebound later, by three years or more, than
the higher centiles. Hammer et al have made the
same observation.15 This reinforces the idea
that the age when a child's BMI rebounds is just
as important as the BMI value at that age.

It is customary with adults to use a fixed
BMI cut off to define obesity, and various cut
offs between 25 and 30 have been suggested,
for example by Garrow.13 Many use as their
rationale the link between obesity and mortal-
ity, so that those above the cut off are at
demonstrably increased risk. However this
argument does not apply to children, as the
data linking child obesity and later mortality
are sparse, and in any case the association
between them may be too weak to be predic-
tive. It makes better sense to treat child BMI as
an anthropometric measure and express it as
an SD score or centile. This avoids the need to
relate child obesity to later mortality, at least
until better data are available.

It is striking that the 98th centile at age 20 is
29'0 kg/M2 for both sexes, similar to the cut
offs proposed for adults, whereas the 99-6th
centile is 32-8. These centiles seem to be
reasonable definitions of child obesity and
superobesity respectively.

In conclusion, these BMI charts, taken in
conjunction with those for height and weight,
provide the means to monitor both the size and
shape of the UK child population.
The authors are grateful to Sue Chinn (NSHG, UMDS), Gaye
Henson (Whittington Hospital), Peter Jones (HUMAG),
Elizabeth White (Tayside Growth Study), and Roger
Whitehead (Cambridge Infant Growth Study) for making their
data available. Peter Davies provided valuable comments on
earlier drafts of the paper.

Copies of the BMI charts can be obtained through the Child
Growth Foundation, 2 Mayfield Avenue, London W4 lPW. A
diskette containing the age-sex specific values of L, M, and S for
stature, weight, and BMI can be obtained from the same
source.
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Parents, children, and eating

There may be an innate regulatory mechanism that allows
children to control their own energy intake. The malfunction of
such a mechanism, known as caloric compensation, could
explain obesity in some children. Workers in Illinois (Susan L
Johnson and Leann L Birch, Pediatrics 1994; 94: 653-61) have
studied this mechanism and the factors which affect it.

Seventy seven children aged 2 to 4 years attending a day care
nursery were studied. They were given a standard amount (163
g) of either a high energy (150 kcal (625 kj) per serving) or a low
energy (3 kcal (13 kJ)) drink and then allowed to eat as much
lunch as they wished. The drinks were said to be
indistinguishable and differed only in energy content. Half of the
children received the high energy drink and half the low, but two
days later the procedure was repeated with each child receiving
the alternative drink. The energy contents of the lunches were
calculated and a calorie compensation index (COMPX)
calculated as the extra calories taken after being given the low
energy drink expressed as a percentage of the energy difference
between the two drinks. Questionnaires were used to assess
parents' attitudes to their own food intakes and to the feeding of
their children. The children's height, weight, and skinfold
thicknesses were measured and parents were asked their own
height and weight.
On average the children compensated for 46% of the energy

difference (mean (SEM) COMPX=46-2 (5.7)), but there was
very wide variation, from -80% to +230%. Boys compensated
better (COMPX 57-1 (9 5)) than girls (36-0 (6 8)). Twenty
eight children were tested again one year later and the COMPX
was found to be relatively stable (r=0-42, p<0-001). Children
with the lowest COMPX scores were significantly fatter than
those with the highest scores. In girls there was a significant
negative correlation between COMPX scores and body fat.
Boys, on the whole, were leaner than girls and in them there was
a significant positive correlation between COMPX scores and
lean body mass. Parents whose questionnaire responses showed
them to attempt to exert a high degree of control over their
children's eating had children who were less able to control their
own energy intake ('parent control index' was strongly negatively
correlated with children's COMPX; r=0-65, p<0-0001).
Parents who reported disinhibition in their own eating had
children with lower caloric compensation and mothers who
made a habit of dieting had girls, but not boys, with low
COMPX scores.

Parents almost certainly act as role models for their children's
eating patterns and there may also be genetic factors involved in
the regulation of energy intake. American mothers may be more
likely to attempt to control their daughters' food intake than
their sons'. Whether this applies to mothers in other countries
seems uncertain.
Much of a paediatrician's life is spent trying to reassure

parents about their toddler's apparently low food intake and
advising against food forcing. This study adds weight to the
concept that parental attempts to regulate children's food intake
are likely to be counterproductive and suggests that they may
actively impair the children's ability to regulate their own energy
intake.

ARCHIVIST


